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James S. T. Yao, MD, PhD, Chicago, Ill.; and Milwaukee, Wis. 
Purpose: This study was performed to determine the detailed anatomy of the thoracic 
outlet in normal subjects using helical computed tomography (CT), with particular 
attention to vascular compression with arm movement. 
Methods: Ten volunteers underwent detailed clinical evaluation and helical CT scanning of 
the upper thorax and neck with the arm in a neutral position and with the arm abducted 
90 degrees or greater and externally rotated. Anterior scalene-clavicle distance (SC), 
costoclavicular distance (CC), and vessel diameters were measured with electronic calipers 
in each position. Comparisons were made with Student's t test. 
Results: With abduction the SC decreased from 18.4 + 3.9 mm to 5.2 + 2.4 mm (p < 
0.001), and the CC decreased from 12.6 + 2.7 mm to 6.3 --- 3.3 mm (p = 0.005). At 
these same anatomic planes, the vein diameter decreased from 11.0 -+ 1.6 mm at the 
neutral position to 5.1 -+ 1.5 mm (p < 0.001) and from 16.1 + 3.0 mm to 7.4 -+ 2.6 mm 
with the arm abducted (p < 0.001). The artery diameter changed from 6.6 + 0.8 mm to 
6.2 + 0.5 mm (p =0.08) and from 7.2 + 0.8 mm to 6.0 + 0.5 mm (p = 0.001) with arm 
movement. 
Conclusions: Both the distances between the anterior scalene muscle and the clavicle and 
between the clavicle and the first rib are significantly reduced with abduction of the upper 
extremity. Venous compression is universal at both the SC and CC spaces in normal 
subjects with this maneuver. Arterial narrowing occurs less frequently and appears to be 
minor. Minor changes in these thoracic outlet dimensions (SC/CC) may produce v nous 
compression without movement. (J Vasc Surg 1997;26:776-83.) 
Abnormalities of the thoracic outlet are thought 
to be responsible for the pathogenesis of a variety of 
vascular problems in the upper extremity. Compres- 
sion of the neurovascular bundle, either by bony 
structures or by soft tissue, produces symptoms that 
range from venous thrombosis through arterial aneu- 
rysm formation and neurologic dysfunction. Under- 
standing the precise pathologic anatomy in this re- 
gion frequently is difficult because of the numerous 
potential compressive elements, congenital varia- 
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tions, and dynamic changes in the anatomy associ- 
ated with arm movement. Multiple imaging methods 
have been used to define the pathologic anatomy 
with varying success. Magnetic resonance imaging is 
able to demonstrate compressive bands and abnor- 
mal bony structures but is time-consuming when 
multiple procedures are performed with the arm in 
different positions. 1,2 On the other hand, color du- 
plex ultrasound, which has been used to define ve- 
nous and arterial changes with arm movement, is
unable to define the structures that are producing the 
compression. 3 Similarly, invasive techniques uch as 
venography and arteriography are able to define the 
presence of extrinsic compression but do not always 
delineate the impinging structure. Before the devel- 
opment of  helical computed tomography (CT), CT 
images were obtained only in the transverse plane. 4
Helical CT scanning provides the opportunity to 
reconstruct horacic outlet anatomy in multiple 
planes and affords the ability to distinguish soft-tissue 
structures and bones. Recently, we have used helical 
CT scanning to determine abnormal osseous truc- 
tures in patients with arterial esions. 5,6 The three- 
JOURNAL OF VASCULAR SURGERY 
Volume 26, Number 5 Matsumura  et al. 777 
dimensional images of the thoracic outlet structures 
in these patients were invaluable. To improve our 
understanding of the normal anatomy of the thoracic 
outlet, we carefully studied asymptomatic individuals 
in an attempt to define the anatomy with arm move~ 
ment. 
METHODS 
With Institutional Review Board approval, 10 
healthy volunteers were recruited for this study. Each 
volunteer underwent a complete history and physical 
examination. Pregnancy was excluded by history and 
urine testing. Subjects were" interviewed for contrast 
or seafood allergy, arm or shoulder symptoms (par- 
esthesias, cold intolerance, swelling, claudication, 
discoloration, and exercise-induced complaints), past 
neck or shoulder injury, central vein cannulation, 
phlebitis, and detailed review of occupational, pro- 
fessional, and amateur recreational ctivities that may 
be associated with repetitive trauma. Physical exami- 
nation included bilateral segmental blood pressure 
measurement; auscultation and palpation of the para- 
clavicular egions; observation for edema, cyanosis, 
or superficial varicosities; detailed neurologic exami- 
nation; inspection of fingers and nailbeds and testing 
of capillary refill in all digits; and positional testing 
for pulse deficit, provocation of symptoms, or peri- 
clavicular bruit. Subjects were excluded if they were 
symptomatic or had histories of repetitive trauma. 
There were five male and five female subjects, 
whose ages ranged from 21 to 45 years (mean, 31 _+ 
6 years). The patients' heights ranged from 5 feet 4 
inches to 6 feet, and weight ranged from 50 to 78 kg. 
Eight were right-handed and two were left-handed. 
Subjects were asymptomatic and had unremarkable 
medical histories. All but one subject reported ama- 
teur recreational sports on a regular basis. There were 
no professional athletes or remarkable occupational 
histories. Physical examinations were unremarkable, 
with no abnormal muscular builds. No evidence of 
venous hypertension was seen in positional maneu- 
vers. Positional pulse change with arm abduction and 
external rotation was found in five subjects as fol- 
lows: bilaterally diminished, nondominant dimin- 
ished, bilaterally absent, and two with nondominant 
absent. Also, one subject had a diminished pulse in 
the dominant arm with neck extension, ipsilateral 
neck rotation, and deep inspiration. One subject had 
a positional nondominant supraclavicular b uit. 
CT scans were performed with the patient in the 
supine position, head and neck in a neutral position, 
and with asingle inspiratory breath eld during each 
sequence. No cardiac gating was performed. The 
venous examination was performed with contrast in- 
fusion into the ipsilateral antecubital vein. Diluted 
iodinated contrast (45 mg I./ml) was infused at 3 
ml/sec for 27 seconds, with a 5-second elay from 
the beginning of injection to initial image. Images 
were acquired on an Elscint CT Twin (Haifa, Israel) 
with 3.2 mm collimation from the aortic arch to 
the level of C6 vertebral body with a 1:1 pitch 
during a single breath hold. Axial images were 
reconstructed with overlapping slices every 1.5 
mm. Arterial examinations were performed with 
infusion of full-strength contrast (300 mg I /ml)  
into a contralateral rm vein with an identical proto- 
col except for a 25-second delay before the first 
image acquisition. 6 For each of the arterial and ve- 
nous examinations, two sequences were performed: 
one with the dominant arm positioned at the side of 
the patient and the second vdth the arm externally 
rotated and abducted so that the hand was above the 
head and the subject could pass unobstructed 
through the CT machine. 
Multiplanar reconstructions were performed in 
the sagittal planes from the midline to the lateral 
border of the clavicle. The sagittal images were se- 
lected for detailed objective measurements because 
curved coronal images are intrinsically subjective in 
simulating conventional ngiographic mages. Maxi- 
mum intensity projection and three-dimensional 
shaded surface displays were also performed. Several 
hours of physician time is required for reconstruction 
of these images. Hospital and professional charges 
are currently the same as that of conventional CT 
scans. 
Measurements in the sagittal plane were per- 
formed with calibrated electronic alipers. The ante- 
rior scalene-to-clavicle (SC) distance was defined as 
the shortest distance between these structures mea- 
sured in the sagittal plane in the midportion of the 
scalene muscles. The clavicle-to-first rib (CC) dis- 
tance was defined as the shortest distance between 
these bones at the lateral convexity of the first rib. 
The diameters of the subclavian artery and vein were 
determined in the identical images (Fig. 1). All im- 
ages were analyzed for the presence of abnormal 
structures, subjective vascular compression (as de- 
fined by the radiologist's interpretation, which 
would appear on the clinical report), the absence of 
perivascular fat, and increased encroachment of the 
subclavius or anterior scalene muscles into the 
perivascular space with abduction. 
Statistical analysis was performed using a paired, 
two-tailed Student  test (a p value of 0.05 or less was 
considered significant). 
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Fig. 1. Above: Composite of sagittal CT image at costoclavicular region demonstrates neutral 
(left) and abducted positions (right). Posterior movement of clavicle causes cissoring impinge- 
ment of vein. Artery is posterior to swinging clavicle. Below: Schematic depiction of sagittal 
plane shows first rib (R1), clavicle (C), measurement of costoclavicular distance (oblique line), 
venous diameter (v), and arterial diameter (a). 
Table I. Measured distances in selected sagittal planes 
Neutral Abduction Change 
(mm) (mm) (mm) p 
Anterior scalene-to-clavicle (SC) 18.4 _+ 3.9 5.2 _+ 2.4 13.2 _+ 2.1 <0.001 
Clavicle-to-first rib (CC) 12.6 _+ 2.7 6.3 -+ 3.3 6.3 -+ 5.0 0.005 
Vein diameter 
SC plane 11.0 _+ 1.6 5.1 _+ 1.5 5.9 _+ 1.5 <0.001 
CC plane 16.1 _+ 3.0 7.4 _+ 2.6 8.7 _+ 3.1 <0.001 
Artery diameter 
SC plane 6.6 _+ 0.8 6.2 _+ 0.5 0.4 _+ 0.6 0.082 
CC plane 7.2 _+ 0.8 6.0 _+ 0.5 1.2 _+ 0.8 0.001 
m SULTS 
With positional change, the SC distance is re- 
duced by 72% from 18.4 - 3.9 mm to 5.2 -+ 2.4 
mm, and by 50% at CC from 12.6 -+ 2.7 mm to 
6.3 -+ 3.3 mm (Table I). At these respective ana- 
tomic planes, vein diameter decreased from 11.0 _+ 
1 . tmm at neutral to 5.1 _+ 1.5 mm (53%; Fig. 2) and 
from i6.1 -+ 3.0 mm to 7.4 _+ 2.6 mm (54%; Fig. 1). 
Artery diameter decreased from 6.6 + 0.8 mm to 
6.2 + 0.5 mm (6%) at SC and from 7.2 _+ 0.8 mm to 
6.0 -+ 0.5 mm (17%) at CC. The vein diameter 
reduction was highly statistically significant and was 
present in every volunteer between 34% and 78%. 
Arterial diameter changes ranged from 6% enlarge- 
ment to 33% reduction, but most arteries had less 
than 10% reduction. Figs. 3 and 4 illustrate the sub- 
clavian vein and artery compression in the costocla- 
vicular space during abduction. There is compression 
of  the more anterior vein without effect on the artery. 
Two subjects were found to have anterior devia- 
tion of  transverse processes o f  the seventh cervical 
vertebra without symptoms. Shaded surface recon- 
struction demonstrated detailed normal bony anat- 
omy (Fig. 4). In curved coronal views, subjective 
venous compression was universally observed at SC 
and in 80% at CC (Fig. 5). Subjective arterial com- 
pression was seen only at CC in two subjects; the 
majority appeared unimpinged (Fig. 6). No  correla- 
tion was seen betwecn radiographically detected ar- 
terial compression and clinically detected positional 
changes. Absence ofperivascular fat was not detected 
in any volunteer. The width of  subclavius muscle 
increased at SC with abduction o f  the arm in one 
volunteer; in all others, the muscle width decreased. 
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Fig. 2. Composite of sagittal CT image at scalene triangle demonstrates subclavian vein 
(straight arrows) in neutral (left) and abducted positions (right). Marked compression and 
distortion are demonstrated with ipsilateral contrast infusion. Artery (curved arrows) i  not 
compressed. 
Fig. 3. Positional compression fsubclavian vein (straight arrow), which exits more anteriorly 
in costoclavicular "scissor," is seen in this shaded surface reconstruction. 
Maximum intensity projection images were not 
found to be useful even under optimal test condi- 
tions. Intravascular natomy is poorly imaged. 
DISCUSSION 
The unique anatomy of the upper thorax and 
shoulder girdle is clearly the source of mechanical 
trauma to both the artery and vein. Unlike the pop- 
liteal artery with entrapment, where a fibrousmuscu- 
lar band may produce both arterial and venous dam- 
age, this area of the thoracic outlet produces vascular 
damage by both bony and fibrousmuscular compres- 
sion. This study unequivocally demonstrates the im-
pingement of the subclavian vein in all normal indi- 
viduals, with a lesser degree of arterial impingement 
with arm movement. The important anatomic struc- 
tures that are the source of this compression i clude 
the anterior scalene muscle, the clavicle, and the first 
rib. The subclavian vein is the most anterior structure 
and is held tethered to this position by the insertion 
of the anterior scalene muscle. With external rotation 
and abduction, this space is markedly reduced. As the 
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Fig. 4. Shaded surface reconstruction demonstrates route of subclavian artery (straight arrow) 
through wider apex of crescent-shaped costoclavicular space during arm abduction. 
Fig. 5. Composite of curved coronal CT images demonstrates subjective subclavian vein 
compression (straight arrows) in neutral (left) and abducted positions (right). 
clavicle passes baclcvvard, the clavicle passes in close 
apposition with the first rib. In this position, the vein 
is compressed, at both the level of  the scalene and 
the first rib-clavicle junction. Both dimensions 
decrease more than twofold. The relationship be- 
tween the clavicle and the first rib is dependent on 
both the anterior bowing and rotation of the clavicle, 
the insertion of the scalene muscle, and the inclina- 
tion and length of the first rib. Using helical CT 
scanning with multiplanar reconstruction a d three- 
dimensional reconstruction, the changes in the anat- 
omy of the thoracic outlet can be seen. 
Perhaps the most strildng finding of this study is 
the uniform compression of the subclavian vein with 
abduction and external rotation. The principal ele- 
ments that cause venous compression appear to be 
both between the clavicle and the scalene muscle and 
between the first rib and the clavicle. Longley et al., 3 
using duplex scanning, found that significant venous 
compression occurred in 10% of volunteers, and in 
40% minor aberrations in venous circulation oc- 
curred. Although our study did not measure hemo- 
dynamic hanges, the differences between these stud- 
ies may reflect the presence of significant cervical 
collateral vessels and relatively low venous flow in the 
upper extremity. Pressure measurements performed 
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Fig. 6. Curved coronal views, which mimic onventional rteriographic images. There is 
minimal distortion of the artery (curved arrows). 
in asymptomatic contralateral extremities by Adams 
et al. 7 have shown that venous pressure ispositionally 
elevated in asymptomatic arms by 12 cm with abduc- 
tion and by an average of 37 cm in patients with 
symptoms. They also noted phlebographic narrow- 
ing of a mild degree in normal patients with posi- 
tional change and found that considerable anatomic 
compression, approaching occlusion, is necessary to 
produce severe hemodynamic changes that result in 
symptoms. The reason for discrepancy between CT- 
detected partial compression and venography may be 
that partial compression occurs perpendicular to an- 
terior-posterior plane, which is the usual plane of 
imaging in venography (Fig. 2). 
Compression of the subclavian vein in the tho- 
racic outlet is not a new finding. In i951 McCleery 
and colleagues 8 described similar compression of  the 
subclavian vein in this region. In that anatomical 
study, the authors emphasized the role of the ante- 
rior scalene muscle, clavicle, and first rib junction. In 
addition, they found that in some patients the cora- 
coid ligament and the subclavius muscle were the 
etiologic agents. In a recent detailed anatomical 
study of  the insertion of the anterior scalene, Way- 
man et al.9 described a more anterior insertion of the 
muscle in three cadavers who also had stenosis of the 
subclavian vein. That postmortem study was per- 
formed on 50 cadavers and revealed a rather narrow 
distribution of the muscles' insertions in more than 
25 cadavers. Based on the present study, a more 
anterior displacement of the anterior scalene muscle 
would further decrease the distance between the 
muscle and the clavicle, possibly producing impinge- 
ment of  the subclavian vein even without motion. 
Although in this study the subclavius muscle does 
not appear to be an important component of subcla- 
vian venous occlusion in normal subjects, hypertro- 
phy of this muscle in professional athletes or those 
who work above their heads may further occlude this 
space. Lord and Rosati 1° have documented venous 
obstruction by the subclavius muscle, costoclavicular 
ligament, and first rib. It is important to emphasize 
this difference between structures that cause partial 
compression i normal subjects and additional struc- 
tures that cause complete compression i symptom- 
atic patients (such as cervical ribs, hypertrophied sub- 
clavius muscle, costoclavicular ligament). 
From the current study, it appears that the sub- 
clavian artery is rarely affected bythe normal motion 
of the upper extremity studied here. Arterial com- 
pression has been described to occur at the anterior 
scalene, pectoralis minor, and humeral head in ath- 
letes. 11-14 Subclavian arterial compression i the nor- 
mal thoracic outlet rarely occurs for two reasons. 
First, the anterior scalene muscle protects the artery 
medially, and the posterior travel of the clavicle often 
does not cross the artery until lateral to the first rib. 
As the clavicle passes posteriorly, it must ride over the 
anterior scalene muscle to affect he subclavian artery. 
It is possible that arterial compression was missed in 
this study, because only one supine position was 
evaluated and with minimal scalene tension and in- 
spiration. Clinically detected compression may occur 
at the axillary artery lateral to the imaging in this 
study. 10 
The cause of effort hrombosis in many patients is 
related to repetitive trauma. The positions of the 
clavicle, anterior scalene, and first rib at rest is a 
balance between ventral and dorsal muscles of the 
shoulder girdle. Any imbalance of these muscles 
could draw the clavicle either inferiotly or posteri- 
orly, altering the CC distance. With overuse and 
exercise, regional muscles hypertrophy, compromis- 
ing the SC dimension. In either instance, repetitive 
trauma to the vein will produce scarring and stenosis 
of the vein. Symptoms are more frequent on the 
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right side or dominant side in patients with bilateral 
cervical ribs. 15-17 This is despite normal left and right 
thoracic outlets that have similar frequency of clinical 
anatomic impingement regardless of dominance. 18 
Ultrasound-detected asymptomatic arterial narrow- 
ing also was found to be comparable in92 dominant 
and nondominant sides. 13 Also reinforcing overuse 
as an cause, both arterial and venous ymptoms have 
been frequently reported in athletes. 19Other possi- 
ble mechanisms include increased flow with greater 
turbulence and wall stress, and loss ofperivascular fat 
with muscle enlargement. Rare hypertrophied mus- 
cle encroachment and the presence of significant 
perivascular fat in these normal volunteers may have 
some significance relative to athletes who are symp- 
tomatic, in whom we have anecdotally noted a pan- 
city ofperivascular fat. Further study of this finding is 
necessary. Also, based on this study, it is evident why 
endoluminal stenting of the subclavian vein is likely 
to fail without decompression. I traluminal stents 
will be damaged by the repetitive compression from 
the osseous and fibrousmuscular structures of the 
thoracic outlet. 2° 
In evaluating the structures of the thoracic outlet, 
helical CT scanning is superior to other methods. 
Conventional CT findings of thoracic outlet com- 
pression have been described and have emphasized 
subtle osseous abnormalities with brachial plexus im- 
pingement. 4 Unfortunately, conventional CT offers 
only transaxial reconstruction a d misses the impor- 
tant anatomic relationships. We have found in two of 
our asymptomatic subjects minor anterior curving of 
the transverse process of the seventh cervical verte- 
bra, which has been associated with symptoms in 
patients. The reliability of this finding needs further 
evaluation. Magnetic resonance imaging also pro- 
vides multiplanar reconstruction a d clear delinea- 
tion of the soft tissue structures, especially the bra- 
chial plexus) ,2 However, the contrast provided by 
CT allows the bony structures to be reconstructed in 
three dimensions, which is important in understand- 
ing the anatomic relationships. Intraluminal natomy 
is poorly depicted, and angiography continues to 
play a primary role in intravascular imaging. In sum- 
mary, helical CT clarifies anatomic ompression but 
does not yet replace the usual diagnostic tests. 
The implications of this study for the treatment 
of subclavian vein stenosis is that decompression 
must include both the anterior scalene muscle and 
the first rib or the clavicle. Successful decompression 
of subclavian vein impingement has been reported by 
Kunkel by transaxillary first rib resection. 21Transax- 
illary first rib resection removes the floor of the tho- 
racic outlet space as well as the anterior scalene mus- 
cle. This technique allows the vein to slip inferiorly 
and posteriorly. Recently, Green 22 reported resec- 
tion of the medial head of the clavicle without ill 
effect. Removing the clavicle also allows for recon- 
struction of the vein. McCleery 8 described a tech- 
nique that used both a supraclavicular nd an infra- 
clavicular approach. By approaching the subclavian 
vein in this fashion, McCleery was able to remove the 
anterior scalene muscle, subclavius muscle, and cora- 
cold ligament and, in some instances, perform a me- 
dial claviculectomy. Based on the present study, each 
of these approaches is justified in that hey all remove 
essential compressive elements. 
CONCLUSION 
Thoracic outlet dimensions are reduced markedly 
with abduction and external rotation of the arm. 
Venous compression is universal at the anterior 
scalene muscle and costoclavicular space and is found 
in asymptomatic individuals. This finding suggests 
that other etiologic factors in addition to anatomic 
compression are necessary for the development of 
subclavian venous thrombosis, most likely including 
congenital or acquired anatomic abnormalities, re- 
petitive trauma from overuse, or both. 
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